In this paper, we investigate the extent to which the three emerging Central Eastern European stock markets have become integrated with the aggregate eurozone market during the sample period from 1994 to 2006 by utilising the dynamic conditional correlation from the multivariate GARCH model. We find a higher level of the stock market correlation during the period after the Asian and Russian crises and also during the post-entry period to the EU. Empirical analysis reveals that the increase in the comovement can not be explained by the macroeconomic convergence process, nor by monetary convergence. It is found that financial market integration seems to be a largely self-fuelling process, depending on existing levels of financial sector development for the Czech Republic and Hungary.
Introduction
The degree of integration of emerging stock markets with developed markets has been frequently investigated over the recent years, and studies have provided a new perspective on the degree of such integration: The view that the emerging markets exhibit relatively low correlations with developed equity markets as shown by Bekaert and Harvey (1995) and therefore provide diversification opportunities seems to be diminishing. See, for example, Voronkova (2004) , Chelley-Steeley (2005) and Schotman and Zalewska (2006) , who focus on a number of Central Eastern European markets, Leong and Felmingham (2003) on some of Asia-Pacific markets, and Hunter (2006) on a group of Latin American markets. One of the important implications of the rapidly amassing evidence of substantial integration among both the developed and the emerging markets is the need for international investors to monitor carefully the risk associated with the various benefits of diversification.
In existing literature, a wide range of methodologies has been used to empirically examine the stock market integration, including multivariate cointegration techniques with the allied concept of error correction models, Granger-causality and impulse response functions (e.g. Kasa, 1992 , Richards, 1995 and Voronkova, 2004 ) and a variety of multivariate GARCH models (e.g. Hamao et al 1990 and Booth, et al. 1997) . Some simple methods such as rolling historical correlations and exponential smoothing are widely used as well (e.g. King and Wadhwani, 1990 , Lee and Kim, 1993 and Forbes and Rigobon 2002 . The common limitation of the above-mentioned methodologies is that they cannot provide a view of the evolution of cross-market co-movement or linkages.
Financial market integration is largely driven by market forces, however, often 3 constrained by structural changes in the economy or by regulatory barriers and that level of integration is not constant over time (Kim et al, 2005) . In order to examine varying degrees of integration, previous studies normally partition the sample period into different phases according to regime changes. Such a subjective designation of cut-off dates cannot effectively describe the evolution of the changes on financial market comovement over time. On the other hand, while multivariate GARCH models can estimate the variance -covariance transmission mechanism of market volatility it cannot identify the significant changes of this transmission.
In this paper, we aim to examine the extent to which a group of Central Eastern European emerging markets has become integrated with the developed markets, represented by the aggregate eurozone market, during the sample period from 1994 to 2006 with daily data. We utilise the dynamic conditional correlation (DCC) from the multivariate GARCH model recently put forward by Engle (2002) 1 . The DCC-GARCH model represents a significant methodological departure from those in the existing literature by demonstrating a more direct indication of evolution of the financial market comovement, where the dynamics of correlation, which is time dependent, are modelled together with those of the volatility of the returns 2 . By accounting for the time-varying behaviour of data series, a major advantage of the approach is the detection of possible changes in conditional correlations over time, and more importantly, the estimated 1 Engle (2002) states that the DCC models have clear computational advantages over multivariate GARCH models in that the number of parameters to be estimated in the correlation process is independent of the number of series to be correlated. Thus, potentially very large correlation matrices can be estimated.
4 dynamic conditional correlation can be used to facilitate our second objective of examining the determinants of dynamic correlation.
Recently, Kim et al. (2005) The rest of the paper is organized as follows. Section 2 describes the factors which may affect the return and volatility of these emerging stock markets, thereby the conditional correlation with the eurozone market. The DCC-EGARCH model and data are described in Sections 3 and 4 respectively. In Section 5, the results are presented.
Section 6 is for modeling the determinants of time-varying conditional correlation in a linear equation framework. The conclusion is found in Section 7.
The emerging stock markets
For the Central Eastern European economies, the reconstruction of economies emerged in the 1990s after the end of communism involves a massive exercise in privatization, where state-owned enterprises were reformulated into public companies. Stock exchanges, which were closed during the socialist period, re-emerged during the transition, whilst establishing legal structures for property rights, corporations and contracts, and transparency in accounting and transactions of shares. The earlier stage of stock markets was, as yet, characterised by the lack of adequate regulatory framework and the dominance of a small number of firms. There was also less incentive for firms to list due to the requirement of disclosure and the high cost of raising funds through the equity market. Moreover, around the mid 1990's the return on stock market investments in transition economies was often negative on a risk-adjusted basis. The earlier period of emerging stock markets was prone to instability.
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The transition economies also experienced a shift of exchange rate regimes from a fixed exchange rate regime with varying bands to a managed or full floating rate system.
A managed flexible exchange rate system was introduced in May 1997 from crawling bands of  7.5% in the Czech Republic. In Hungary, narrow bands of  2.25% were introduced in March 1995 from a fixed exchange rate regime, the bands were widened to  15% in February 1998, and a managed floating rate was adopted in October 2001.
Poland's exchange rate system altered from a crawling peg to crawling bands of  7.5% in May 1995, and then full exchange rate flexibility was introduced in April 2001.
Theoretically, stock prices are found to be interdependent with exchange rates. The uncovered interest rate parity suggests that the expectations of relative currency values influence the levels of interest rate differential between domestic and foreign countries.
This may affect the cost of capital, and therefore the profitability of a firm, affecting its share price. The interaction between the two variables can also arise through the influences on price competitiveness or on input costs. Empirically, significant interrelation is found elsewhere (e.g. Mercereau 2006 and Moore, 2007) . It follows that the impact of varying exchange rate systems may be transmitted to the behaviour of stock markets.
Over the sample period, financial crises were experienced in Asia in 1997 and in Russia in 1998. The impact of the financial crises on emerging stock markets is welldocumented in literature 4 . In particular, for the former communist countries, the Russian economy had a predominant role prior to the transition from command to market 7 economy, thus the spillover effect of the Russian crisis may not be trivial on the emerging stock markets.
Entry to the EU is potentially an important factor in affecting the stock returns.
For the new member states, joining the EU implies the increase in capital, factor and product market integration among member states (Moore and Pentecost 2006) , while competition may intensify in the real and monetary sectors. This may further advance a market-determined economy with an increased efficiency in resource allocation. The reconstruction of fundamentals being associated with entry to the EU is likely to change the behaviour of stock markets 5 .
Theory predicts that the structural changes in the domestic or international economy potentially alter the dynamic linkage of stock returns. Empirical literature is supportive to this contention, since it is likely to find the presence of a shift in the stock market integration in the face of a structural change in the economy. For example, Shamsuddin and Kim (2003) found that the presence of a stable long run relationship among the Australian, US and Japanese markets existed prior to the Asian crisis and disappeared in the post-Asian crisis period. Fujii (2005) reported that the causal linkages among several emerging stock markets varied considerably during the time of rapid growth and major upheaval from 1990 in Asia and Latin America. In the case of the EU, the effect of the Euro on the linkage among the developed EU stock markets is investigated by Cheung and Westermann (2001) , Billio and Pelizzon (2003) , Westermann (2004) and Kim et al (2005) . Westermann (2004) empirically showed that 5 The dividend discount model and the capital asset pricing model predict that stock prices or returns reflect expectations of future dividends, interest rates and risk premia, which in turn depend on macroeconomic conditions. 8 the introduction of the Euro shifted the linkage across the eurozone stock markets, and Kim et al. (2005) found that increased stability and higher levels of integration have Given the existing empirical literature on the shift in the stock return linkages corresponding to structural changes in economies, it provides a strong case study to apply the time-varying conditional correlation to the Central Eastern European stock markets, which have gone through phases of domestic and international shifts in the economy with that of the eurozone 7 .
Model specification
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The bivariate EGARCH model with dynamic conditional correlation (DCC) specification (Engle, 2002 ) is utilized to investigate the market interdependence and volatility transmission. More specifically, we use the following first-order Vector Autogressive (VAR) model to capture the dynamic relationship in returns:
where R is a n x 1 vector of stock return index and 0  is a n x 1 vector of constant. ij  is a n n  vector, of which the off-diagonal elements capture the mean transmission cross the markets. u is an 1  n vector of innovations conditional on the information at time 1  t , which is assumed to be conditionally multivariate normal with mean zero and conditional covariance matrix t H :
where t D is a n n  diagonal matrix with the time varying standard deviations from EGARCH models on the diagonal and t C is the time varying symmetric conditional correlation matrix.
As indicated, the conditional variances in each market are modeled as an exponential function of past standardized innovations (Nelson, 1991) 
Equation (4) ). Because t Q in (6) does not have unit diagonal elements, it is then scaled to get a proper correlation matrix t C ,
A typical element of t C has the form of
which is the key element in this methodology, as it represents the conditional correlation between stock prices.
Data
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The dataset used in this study is the daily closing price indices: Prague PX50 of the . This is consistent with much of the empirical evidence found for mature stock markets, in which the behaviour of stock prices is characterized by a martingale process. {Table 1 and 2 around here} Table 1 presents the statistical properties of the returns from these emerging markets and the aggregate eurozone market. Over the sample period, the emerging market of Poland is the most volatile with the standard deviation at 1.77 percent followed by the Hungarian market with around 1.69 percent, while the aggregate eurozone market appears to have a lower volatility of around 1.02. In terms of average returns, Hungary has the highest daily average return of 0.08 percent, whereas the Czech Republic, the 12 lowest with 0.01 percent. The average return of Poland is close to that of the eurozone with around 0.04 over the sample period.
The distribution of returns over time is negatively skewed for all of the markets, and returns are characterized by a statistically significant kurtosis for the emerging markets, suggesting that the underlying series are leptokurtic, that is, the series have a fatter tail and a higher peak as compared with a normal distribution. Correspondingly, the Jarque-Bera test indicates that the distribution of returns is non-normal. In Table 1, we also report the Ljung-Box Q-statistic for the 8 th orders in the levels and squares of the residuals. It clearly indicates that there is no serial correlation in levels, but the squared residuals do show serial correlation in all cases, suggesting the existence of volatility clustering.
The unconditional correlation is presented in Table 2 , which shows that the unconditional correlation of the emerging markets with the eurozone ranges between 0.26-0.37. Table 3 is the results from the mean equation. 13 It is observed that the constant term is statistically significant above 1 percent for all markets and the conditional mean of return is dependent on its first lag for all of the markets as well.
Empirical results
Further, it reveals that, apart from the Czech Republic, there exists a price spillover effect from the Eurozone market to Hungary and Poland, which is evidenced by the significant parameter, 12  , at 1 percent level; while the insignificant parameter 21  suggests that such a price spillover effect does not exist from these emerging markets to eurozone market. This is intuitively plausible given the small size of these emerging markets. Table 3  for all three emerging market, and 2  for the eurozone market, are all close to one, suggesting a high persistence in shocks to the conditional volatility.
Panel B in
The coefficient  measures the asymmetry, that is, the positive shock and negative news may have different effect to the volatility. It is observed that this parameter is negative and statistically significant for all of the markets, which reinforce the assertion that bad news increases volatility more than good news does. As far as the volatility transmission mechanism across the markets is concerned, it is also asymmetric, that is, the volatility 12 We also add the variance into the mean equation to investigate whether spillover of volatility would affect the return, however the LR test suggests that this is not strongly significant. 13 Note that subscript 1 is for three emerging markets, and 2 for eurozone market. The order of subscript, for example, 12  , means that the volatility from eurozone spills over to the emerging market. generated from the eurozone market is transmitted to all three emerging markets, indicated by the statistically significant parameter 12
 , but not vice versa, as can be seen from the insignificant parameter, 21
 .
In addition to the high conditional volatility, our result also shows significant time varying comovement. This effect is captured in the coefficients of a q and b q , which are the parameters governing the GARCH process of the Q sequence as in equation (6). Both are all statistically highly significant at above 1 percent level, and the conditional correlation also exhibits high persistence, with the average being 0.95 over the three emerging markets during the sample period.
Finally, the diagnostic test is reported in the last panel of Table 3 , where the Ljung-Box Q-statistic for up to 8 th orders in the levels and squares of the residuals is 
The determinants of stock market integration
Having found the time varying correlation of three emerging markets, in this section, we investigate the potential explanatory variables driving the stock market integration.
We first examined the impact of major events on the dynamic correlation by regressing the time varying correlation with dummy variables, i.e. dummy one for the 27th May 1997 onwards for the currency crisis in the Czech Republic, for the 14 th October 1997 onwards for the Asian crisis, for the 17 th August 1998 onwards for the Russian crisis and for the 5 th May 2004 for entry to the EU, and zero otherwise. Due to the collinearity problem, the dummies were specified one at a time, and the results are found in Table 4 .
{Tables 4 and 5 around here}
It is evident that the financial crises exerted a statistically highly significant impact on the conditional correlation, confirming that these emerging markets are vulnerable to external shocks with a large regime shift in integration. As to the EU dummy variable, although the extent of the effect seems to be less than that for the financial crises, the dummy variable is found to be significant at the 5% and 10% for
Poland and the Czech Republic respectively.
We now explore the driving factors behind the conditional correlation from the aspect of economic and monetary integration and currency risk. It has long been found that business cycle conditions are intricately linked with the performance of asset returns (Fama and French, 1989 and Rouwenhorst, 1995) . If countries are in similar phases of the business cycle, the degree to which shocks are transmitted across financial markets will be increased. Thus, we expect, on a priori ground, that an increase in real economic convergence will stimulate higher stock market integration, where the real convergence variable is captured by the correlation in industrial production. As to the proxy for the monetary convergence variable, the correlation of three months' interest rates is used, since it may characterise the integration process towards the EU. As a major impediment to financial integration, currency risk premia are considered. The risk premia are specified in the international asset pricing models where it has been recognized as a factor for financial disintegration (Solnik, 1974) . Theoretically, the reduced exchange rate volatility should increase the co-movement between the markets.
In addition to these variables, we introduce country specific control variables including aggregate stock market liquidity and development of financial markets, which might alter stock market returns, therein, the time varying correlation.
Specifically, we estimate the following linear equation for these new member states with respect to the aggregate eurozone market: 
Conclusions
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This paper investigates the co-movement of three major Central European emerging markets with the aggregate eurozone market by utilising the dynamic conditional correlation technique. The DCC measures the contemporaneous conditional correlation between the two series and has been used to provide an indirect measure of the degree of integration between the stock market in the euro-zone and the new EU countries. The estimated dynamics of the correlation demonstrate comprehensive evidence of the evolution of stock market co-movements, while providing the extent of the linkage over the period of time. We find significant dynamic correlations for these emerging markets with the eurozone market during the financial crises and a higher level of linkage in the aftermath of crises. The entry to the EU seems to have strengthened the correlation also.
The linear estimation of the conditional correlation reveals that the increase in stock market co-movements can not be explained by the macroeconomic convergence process, nor by monetary convergence with the euro-zone. We find that the development of financial markets seems to be an important driving factor behind higher levels of comovement in the Czech Republic and Hungary with the eurozone. This implies that financial market integration seems to be a largely self-fuelling process depending on existing levels of financial sector development. In terms of investment opportunities, this may narrow the scope for portfolio diversification. For Poland, such a discernible factor is not in evidence, other than in the persistence of the correlation. Notes: Standard errors are in parenthesis. *, ** and ***: significant at the 10%, 5% and 1% level respectively.Q(8)and Q 2 (8) are the Ljung-Box Q-statistic for the 8 th orders in the levels and squares of the residuals, respectively. Under the hypothesis of no serial correlation, the critical value is 15.50 at the 5% level. 
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